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[57] ABSTRACT 
Conjugated diene polymers and copolymers having a 
high ratio of a trans-1,4 structure content to a cis-l,4 
structure content in the diene moiety can be advanta 
geously solution polymerized by using a novel catalyst 
complex consisting essentially of the following compo 
nents (a) and (b) or (a), (b), and (c): (a) an organosodium 
compound, metallic sodium or a sodium amide com 
pound, or a mixture of at least one thereof with an or 
ganic compound of sodium other than the sodium amide 
compound; (b) an organic or organometallic compound 
of barium, strontium, or calcium; (c) an organometallic 
compound of an electron de?cient metal selected from 
lithium, beryllium, magnesium, zinc, cadmium, boron, 
aluminum, gallium, or indium. 

12 Claims, No Drawings 
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PROCESS FOR PRODUCING CONJUGATED 
DIENE POLYMER 

The present invention relates to a process for produc 
ing conjugated diene polymers and copolymers having 
a high ratio of a trans-1,4 structure content to a cis-l,4 
structure content in the diene moiety by means of a 
solution polymerization method by using a novel cata 
lyst complex. , . 

Various processes for polymerizing conjugated di 
enes by using as a polymerization catalyst alkali metals 
or organometallic compounds of alkali metals have 
been proposed. On the other hand, only a few processes 
for polymerizing conjugated dienes by using as a poly 
merization catalyst alkaline earth metals (i.e. II A metals 
of the periodic table of elements) or organometallic 
compounds of alkaline earth metals have been pro 
posed. Of the II A metals, the organometallic com 
pounds of beryllium and magnesium can be relatively 
readily synthesized. However, the reactivity thereof is 
inferior to that of the organometallic compounds of 
alkali metals and, therefore, the polymerization activity 
thereof in the case of conjugated dienes can only be 
effective under limited conditions although the poly 
merization activity is remarkably low. For this reason, 
the organometallic compounds of beryllium and magne 
sium can not be practically used in the polymerization 
of conjugated dienes. Furthermore, the organometallic 
compounds of barium, strontium, and calcium are ex 
tremely difficult to synthesize. Polymerization pro 
cesses of conjugated dienes in the presence of special 
organometallic compounds of alkaline earth metals 
have recently been proposed. However, the polymeri 
zation activity is extremely low and, therefore, these 
polymerization processes cannot now be utilized com 

, mercially. 

On the other hand, several polymerization processes 
of conjugated dienes using a combination catalyst of the 
organic compounds of alkaline earth metals such as 
barium, strontium, and calcium and other‘ organometal 
lic compounds have been proposed. For instance, US. 
Pat. No. 3,629,213 discloses a method for preparing 
butadiene polymers using a catalyst consisting of, for 
example, an organolithium compound and an organic 
compound of barium. US. Pat. No. 3,846,385 discloses 
a method for preparing butadiene polymers using a 
catalyst complex of barium d‘i-tert-butoxide and dibutyl 
magnesium. Furthermore, US. Pat. No. 4,080,492 dis 
closes a process for preparing conjugated diene poly 
mers using a catalyst composition of an organo-lithium, 
-barium or -strontium compound and an organometallic 
compound of the II B or II A metals. These polymeriza 
tion processes using catalyst complexes or compositions 
containing organometallic compounds of alkaline earth 
metals can provide rubberlike polymers having a high 
ratio of a trans-1,4 structure content to a cis-l,4 struc 
ture content in the diene moiety thereof and having a 
relatively high molecular weight. These polymers are 
believed to be useful in the manufacture of various 
rubber products including automotive tires since they 
have excellent characteristics including green strength, 
tensile strength, and abrasion resistance of the vulcani 
zates thereof. 
However, these polymerization processes using the 

above-mentioned catalyst complexes or compositions 
involve various disadvantages or problems. For exam 
ple, in the case where polymers having a molecular 
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2 
weight sufficient to provide the desired properties are 
to be obtained, the amounts of the catalysts to be used 
should be decreased, which decrease would result in a 
remarkable decrease in the polymerization activity. In 
the case where the desired polymers are to be obtained 
at a high yield, the molecular weight distribution of the 
resultant polymers is remarkably broad, resulting in a 
remarkable decrease in the strength and abrasion resis 
tance of the vulcanizates. In the case where copolymers 
of conjugated dienes and aromatic vinyl hydrocarbons 
are to be obtained, the copolymerization characteristics 
are not sufficient to produce the desired copolymers 
having the desired strength and heat buildup properties 
of the vulcanizates. Furthermore, although the poly 
mers having a high trans-1,4 structure content and being 
obtained by the use of the above-mentioned catalyst 
complexes or compositions have the excellent physical 
properties mentioned above, these polymers have disad 
vantages such as poor processability and undesirable 
heat build-up of the vulcanizates, which disadvantages 
are due to the crystallization of the polymers at non 
extension conditions, which crystallization is believed 
to be caused by the presence of long trans-1,4 structure 
chains. 

Accordingly, an object of the present invention is to 
eliminate the above-mentioned disadvantages or prob 
lems of the prior art and to provide a process for prepar 
ing conjugated diene polymers or copolymers having a 
high ratio of trans-1,4 structure content to a cis-l,4 
structure content in the diene moiety, a relatively nar 
row molecular weight distribution, and no crystalliza 
tion property as determined by a differential thermal 
analyzer. 
Another object of the present invention is to provide 

a catalyst complex suitable for use in the polymerization 
and copolymerization of conjugated dienes which has a 
remarkably excellent polymerization activity compared 
with that of conventional catalysts and can produce 
copolymers of conjugated dienes with aromatic vinyl 
hydrocarbons having an excellent random property. 

Other objects and advantages of the present invention 
will be apparent from the following description. 

In accordance with the present invention, there is 
provided a process for producing a conjugated diene 
polymer, a copolymer of a conjugated diene with at 
least one other conjugated diene, or a copolymer of a 
conjugated diene with an aromatic vinyl hydrocarbon 
comprising the step of polymerizing said monomer or 
monomers in the presence of a catalyst complex consist 
ing essentially of the following components (a) and (b) 
01' (a), (b), and (C): 

(a) an organo'sodium compound, metallic sodium or a 
sodium amide compound, or a mixture of at least one 
thereof with an organic compound of sodium other than 
the sodium amide compound; 

(b) an organic or organometallic compound of bar 
ium, strontium, or calcium; 

(0) an organometallic compound of an electron defi 
cient metal selected from lithium, beryllium, magne 
sium, zinc, cadmium, boron, aluminum, gallium, or 
indium. 
The term “an organometallic compound (e.g. an or 

ganosodium compound)” used herein means an organic 
compound containing a metallic atom (e.g. sodium) 
directly bonded to a carbon atom, whereas the term “an 
organic compound of a metal (e. g. sodium)” used herein 
means an organic compound containing only a metallic 
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atom (e. g. sodium) bonded to a carbon atom via an atom 
such as oxygen, sulfur, nitrogen, or the like. 
The catalyst complexes used in the present invention 

have a remarkably excellent polymerization activity as 
compared to that of conventional catalysts and can 
produce copolymers having an excellent random struc 
ture of conjugated dienes such as butadiene and iso 
prene and aromatic vinyl hydrocarbons such as styrene. 
Furthermore, the polymers or copolymers of conju 
gated dienes obtained by the use of the above-men 
tioned catalyst complexes have the following advan 
tages: 

(i) The conjugated diene polymers or copolymers 
have a high trans/cis ratio in the micro-1,4-structure, 
for example, a trans/cis ratio of 2.0 or more in'the case 
of butadiene. 

(ii) The conjugated diene polymers or copolymers 
have no crystallization property as determined by a 
differential thermal analyzer. 

(iii) The conjugated diene polymers or copolymers 
have a relatively narrow molecular weight distribution, 
for instance, a ratio of weight-average molecular 
weight/number-average molecular weight of 1.2 
through 3.0. 
According to the present invention, the conjugated 

diene polymers or copolymers having excellent rubber 
characteristics and being suitable for use as raw materi 
als in the manufacture of automotive tires can be pro- ' 
duced in good yield in a relatively short period of time. 
The monomers usable in the process of the present 

invention are selected from the group of (1) conjugated 
dienes, (2) mixtures of a certain conjugated diene and 
one or more conjugated dienes, and (3) mixtures of 
conjugated diene(s) and aromatic vinyl hydrocarbon(s). 
The conjugated dienes desirably used in the present 
invention are those having 4 through 12 carbon atoms in 
a molecule thereof. Examples of such conjugated dienes 
are 1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, 
1,3-pentadiene, 2,4-hexadiene, and 2-phenyl-l,3-butadi 
ene. The aromatic vinyl hydrocarbons usable in the 
process of the present invention are those containing at 
least one vinyl group bonded to the carbon atom of the 
aromatic ring. The aromatic vinyl compounds desirably 
used in the present invention are those having 8 through 
20 carbon atoms in a molecule thereof. Examples of 
such aromatic vinyl hydrocarbons are styrene, divinyl 
benzene, vinyltoluene, l-vinylnaphthalene, a-methyls 
tyrene, and methoxystyrene. 
The most desirable commercial polymerization pro 

cesses of the present invention are butadiene homopoly 
merization, butadiene-isoprene copolymerization, and 
styrene-butadiene copolymerization. 
The sodium compounds usable as the first component 

(a) of the novel catalyst complexes of the present inven 
tion are selected from the group of organosodium com 
pounds, metallic sodium or sodium amide compounds, 
or mixtures of at least one of said sodium compounds 
(including metallic sodium) and organic compound(s) 
of sodium other than the sodium amide compounds. 
The organosodium compounds are represented by 

the following general formula: 

wherein R’ is an aliphatic group, desirably having 1 to 
30 carbon atoms, an alicyclic group, desirably having 5 
to 30 carbon atoms, or an aromatic group, desirably 
having 6 to 30 carbon atoms or an unsaturated hydro 
carbon group having at least one allyl hydrogen and 
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4 
desirably having 3 to 30 carbon atoms, and m is an 
integer of 1 through 4. 
Examples of the desirable R’ group are the methyl, 

ethyl, iso-propyl, n-butyl, sec-butyl, n-amyl, tert-octyl, 
n-decyl, phenyl, naphthyl, 4-butylphenyl, cyclohexyl, 
4-butylcyclohexyl, benzyl, allyl, triphenylmethyl, and 
?uorenyl groups. 
The metallic sodium can be desirably used in the form 

of .a dispersion in, for example, mineral oil, paraffin or 
wax. However, the metallic sodium can also be used in 
the form of an alloy such as an amalgam. 

> The sodium amide compounds are represented by the 
following general formula: 

wherein 

represents either a cyclized structure or a non-cyclized 
structure and R2 and R3 represent, in combination, a 
methylene chain having 2 to 10 carbon atoms in the case 
of a cyclized structure and R2 and R3 independently 
represent an aliphatic group, desirably having 1 to 30 
carbon atoms, an alicyclic group, desirably having 5 to 
30 carbon atoms, or an aromatic group, desirably hav 
ing 6 to 30 carbon atoms in the case of a non-cyclized 
structure. . _ ' 

Examples of the desirable amide groups are the dime 
thylamide, diethylamide, di-iso-propylamide, di-n 
butylamide, di-iso-butylamide, dioctylamide, diallyla 
mide, dicyclohexylamide, diphenylamide, dibenzyla 
mide, and N-ethylanilide groups. Examples of cyclized 
structures are the ethyleneimide, trimethyleneimide, 
pyrrolidido, ' piperidido, and hexamethyleneimide 
groups. . 

The organic compounds of sodium are selected from 
the group of compounds having the following general 
formulae: ' 

wherein R4 is an aliphatic group, desirably having 1 to 
30 carbon atoms, an alicyclic group, desirably having 5 
to 30 carbon atoms, or an aromatic group, desirably 
having 6 to 30 carbon atoms, Y is an oxygen or sulfur 
atom, and n is an integer of 1 through 4. 
Examples of such desirable compounds are sodium 

salts of the following compounds: ethyl alcohol, n-pro 
pyl alcohol, iso-propyl alcohol, tert-butyl alcohol, n 
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hexyl alcohol, cyclohe‘xyl alcohol, allyl alcohol, cyclo 
pentenyl alcohol, benzyl alcohol, ethanethiol, n-butane 
thiol, phenol, catechol, l-naphthol, 2,6-di-tert-butyl 
phenol, 2,4,6-tri-tert-butylphenol, nonylphenol, 4 
phenylphenol, thiophenol, 2-naphthalenethiol, capric 
acid, lauryl acid, myristic acid, palmitic acid, stearic 
acid, oleic acid, linoleic acid, linolenic acid, naphthoic 
acid, benzoic acid, hexane thio acid, decane thio acid, 
tridecane thio acid, thiobenzoic acid, acid tert-butyl 
carbonate, acid hexyl carbonate, acid phenyl carbonate, 
thio acid tert-butyl carbonate butane sulfonic acid, hex 
kane sulfonic acid, decane sulfonic acid, tridecane sul 
fonic acid, dodecylbenzene sulfonic acid, tetradecyl 
benzene sulfonic acid, octadecylbenzene sulfonic acid, 
dibutylnaphthalene sulfonic acid, di-iso-propylnaphtha 
lene sulfonic acid, n-hexylnaphthalene sulfonic acid, 
dibutylphenyl sulfonic acid, sulfate ester of lauryl alco 
hol, sulfate ester of oleyl alcohol, and sulfate ester of 
stearyl alcohol. 
The organic compounds or organometallic com 

pounds of barium, strontium, or calcium usable as the 
second component (b) of the novel catalyst complexes 
of the present invention are selected from the group of 
compounds having the following general formulae: 

wherein R5 is an aliphatic group, desirably having 1 to 
30 carbon atoms, an alicyclic group, desirably having 5 
to 30 carbon atoms, or an aromatic group, desirably 
having 6 to 30 carbon atoms, 

represents either a cyclized structure or a non-cyclized 
structure, and R6 and R7 represent, in combination, a 
methylene chain having 2 to'lO carbon atoms in the case 
of a cyclized structure and R6 and R7 independently 
represent an aliphatic group, desirably having 1 to 30 
carbon atoms, an alicyclic group, desirably having 5 to 
30 carbon atoms, or an aromatic group, desirably hav 
ing 6 to 30 carbon atoms in the case of a non-cyclized 
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6 
structure provided that one of R6 and R7 can be hydro 
gen, Y is an oxygen or sulfur atom, Me’ is a barium, 
strontium, or calcium atom, and X is a halogen atom 
such as ?uorine, chlorine, bromine, or iodine. 
Examples of the desirable organic compounds of the 

II A metals are barium, strontium, or calcium salts of 
the following compounds: ethyl alcohol, n-propyl alco 
hol, iso-propyl alcohol, tert-butyl alcohol, n-hexyl alco 
hol, cyclohexyl alcohol, allyl alcohol, cyclopentenyl 
alcohol, benzyl alcohol, ethanethiol, n-butanethiol, phe 
nol, catechol, l-naphthol, 2,6-di-tert-butylphenol, 2,4,6 
tri-tert-butylphenol, nonylphenol, 4-phenylphenol, 
thiophenol, Z-naphthalenethiol, capric acid, lauryl acid, 
myristic acid, palmitic acid, stearic acid, oleic acid, 
linoleic acid, linolenic acid, naphthoic acid, benzoic 
acid, hexane thio acid, decane thio acid, tridecane thio 
acid, thiobenzoic acid, acid tert-butyl carbonate, acid 
hexyl carbonate, 'acid phenyl carbonate, thio acid tert 
butyl carbonate butane sulfonic acid, hexane sulfonic 
acid, decane sulfonic acid, tridecane sulfonic acid, dode 
cylbenzene sulfonic acid, tetradecylbenzene sulfonic 
acid, octadecylbenzene sulfonic acid, dibutylnaphtha 
lene sulfonic acid, di-iso-propylnaphthalene sulfonic 
acid, n-hexylnaphthalene sulfonic acid, dibutylphenyl 
sulfonic acid, sulfate ester of lauryl alcohol, sulfate ester 
of oleyl alcohol, sulfate ester of stearyl alcohol, dimeth 
ylamine, diethylamine, di-iso-propylamine, di-n-butyla 
mine, mono-n-butylamine, di-iso-butylamine, mono-iso 
butylamine, dioctylamine, diallylamine, dicyclohexyla 
mine, phenylarnine, diphenylamine, benzylamine, 
dibenzylamine, and N-ethylaniline. 
Examples of the desirable organometallic compounds 

of the II A metals are dimethyl calcium, n-butyl calcium 
iodide, ethyl strontium idodide, dimethyl strontium, 
ethyl barium iodide, dimethyl barium, phenyl barium 
iodide, dicyclopentadienyl barium, bistriphenylmethyl 
barium, dipropargyl barium, and barium di-Z-ethylace 
tylide. 
The organometallic compounds of electron de?cient 

metals usable as the third component (0) of the novel 
catalyst complexes of the present invention are lithium 
(Li) in the Group I A metals of the Mendeleev Periodic 
Table of Elements, beryllium (Be) and magnesium (Mg) 
in the Group II A metals, zinc (Zn) and cadmium (Cd) 
in the Group II B metals, and boron (B), aluminum (Al), 
gallium (Ga), and indium (In) in the Group III A metals 
and mixtures thereof. 
These compounds are represented by the following 

general formula: 

wherein R9 is an aliphatic group, desirably having 1 to 
30 carbon atoms, an alicyclic group, desirably having 5 
to 30 carbon atoms, or an aromatic group, desirably 
having 6 to 30 carbon atoms, X is a halogen atom such 
as ?uorine, chlorine, bromine, or iodine, a hydrogen 
atom, or an alkoxy group, Me2 is Li, Be, Mg, Zn, Cd, B, 
Al, Ga, or In, p is the valence of Mez, and q is 
O§q§p— 1. 
Examples of such desirable compounds are ethyl 

lithium, n-propyl lithium, iso-propyl lithium, n-butyl 
lithium, tert-butyl lithium, n-amyl lithium, n-hexyl lith 
ium, allyl lithium, n-propenyl lithium, benzyl lithium, 
phenyl lithium, polybutadienyl lithium, polyisoprenyl 
lithium, polystyryl lithium, diethyl beryllium, di-n-pro 
pyl beryllium, di-n-butyl beryllium, ethyl beryllium 
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chloride, diethyl magnesium, di-n-propyl magnesium, 
di-iso-propyl magnesium, di-tert-butyl magnesium, eth 
yl-n-butyl magnesium, di-n-hexyl magnesium, diphenyl 
magnesium, ethyl magnesium chloride, ethyl magne 
sium hydride, ethyl magnesium-iso-propoxide, iso-pro- 5 
pyl magnesium chloride, n-butyl magnesium chloride, 
n-butyl magnesium bromide, phenyl magnesium chlo 
ride, diethyl zinc, ethyl zinc chloride, di-n-propyl zinc, 
di-iso-propyl zinc, diethyl cadmium, di-iso-propyl cad 
mium, ethyl cadmium chloride, trimethyl boron, tri 
ethyl boron, triethyl aluminum, tri-iso-butyl aluminum, 
diethyl aluminum chloride, diethyl aluminum hydride, 
diethyl aluminum propoxide, di-iso-butyl aluminum 
chloride, di-iso-butyl aluminum hydride, trihexyl alumi 
num, triphenyl aluminum, triethyl gallium, and triethyl 
indium. 
The amounts of the components (a) and (b) or the 

components (a), (b), and (0) can vary greatly depending 
upon, for example, the purposes of polymerization and 
upon the polymerization methods and conditions. How 
ever, generally speaking, the use of the components in 
the following range is recommended: 
Component (a): 0.01 through 50 m mol per 100 g of 

the total monomer(s) _ 
Component (b): 0.01 through 10 times based on the 25 
mol of the component (a) 

Component (0): 0 through 5 times based on the mol of . 
the component (a) 

In the case where the amount of the component (a) is 
too small, the polymerization activity tends to decrease. 
Contrary to this, in the case where the amount of the 
component (a) is too large, the molecular weight of the 
resultant polymer tends to decrease so that the resultant 
polymer is not suitable for use in general rubber indus 
trial ?elds (e. g. the manufacture of automotive tires). In 
the case where the amount of the component (b) is too 
small, the molecular weight of the resultant polymer 
tends to decrease and the ratio of a trans-l,4/cis-l,4 
structure content in the diene moiety also tends to de 
crease. Contrary to this, in the case where the amount 
of the component (b) is too large, the polymerization 
activity tends to decrease. Furthermore, in the case 
where the amount of the component (0) is too large, not 
only the polymerization activity tends to decrease but 
also the copolymerizability of conjugated dienes and 
aromatic vinyl hydrocarbons tends to decrease. 

Especially in the case of polymers (or copolymers) 
having a relatively high molecular weight and being 
suitable for use as a starting material in the manufacture 
of automotive tires, the components can be desirably 
used in the following range: 
Component (a): 0.1 through 1 m mol per 100 g of the 

total monomer(s) 
Component (b): 0.1 through 1 times based on the mol 
of the component (a) 

Component (0): 0 through 2 times based on the mol of 
the component (a) 

The polymerization processes of the present inven 
tion can be desirably carried out in a solution polymeri 
zation manner using a hydrocarbon solvent, although a 
bulk polymerization method can be used. Examples of 
such hydrocarbon solvents are butane, pentane, hexane, 
heptane, octane, cyclohexane, cyclooctane, benzene, 
toluene, xylene, ethylbenzene, and mixtures thereof. 
Minor amounts of polar compounds can be added to the 
hydrocarbon solvent to improve the solubility and the 
catalytic activity of the catalyst complex. Examples of 
such polar compounds are ether compounds such as 
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8 
tetrahydrofuran, diethyl ether, and ethyleneglycol di~ 
ethyl ether and amine compounds such as triethyl amine 
and tetramethyl ethylenediamine. The amount of hy 
drocarbon solvents used in the polymerization pro 
cesses of the present invention can vary greatly depend 
ing upon the types and molecular weights of the poly 
mers (or copolymers) to be produced. Generally speak 
ing, the desirable amount of solvents to be used in 300 
through 1000 parts by weight based on '100 parts by 
weight of the total monomer(s). ’ 
The polymerization process of the present invention 

can be generally carried out at a temperature of —40° 
C. through 160° C. The desirable polymerization tem 
perature is 30° C. through 120° C., especially when 
conjugated diene polymers or copolymers having a 
relatively high molecular weight and being suitable for 
use as starting materials in the manufacture of automo 
tive tires are to' be produced. The polymerization pro 
cesses of the present invention should be carried out 
under an inert gas atmosphere such as nitrogen and 
argon. The contamination of the polymerization system 
with compounds capable of reacting with the organo 
metallic compounds, such as water, carbon dioxide, 
oxygen, and halogen compounds, should be avoided. 
The pressure of the polymerization system may be suf? 
cient to maintain the polymerization mixture in a liquid 
state. Usually, about 1 through 5 atmosphere are used. 
The conjugated diene polymers or copolymers ob 

tained from the process of the present invention have 
extremely excellent characteristics, for example, pro 
cessabilities such as green strength and tackiness and 
vulcanizate properties such as tensile strength, abrasion 
resistance and heat build-up. The conjugated diene pol 
ymers or copolymers can be compounded and vulca 
nized in any conventional manner. These conjugated 
diene polymers or copolymers can, therefore, be used 
alone or after blending with natural rubber or other 
synthetic rubbers in the application ?elds of automotive 
tires including tire treads, carcasses and side walls, as 
well as extruded articles, automotive window frames 
and various industrial articles. Furthermore, the conju 
gated diene polymers or copolymers can be grafted 
onto or blended with various plastics to improve the 
physical properties such as the impact strength. 
The present invention will now be further illustrated 

by, but is by no means limited to, the Examples set forth 
hereinbelow. ' 

EXAMPLE 1 

One hundred grams of 1,3-butadiene and 400 g of a 
cyclohexane solvent were charged into an approxi 
mately one liter pressure-resistant glass bottle ?lled 
with dry nitrogen. A catalyst complex of 0.5 111 mol of 
n-amyl sodium and 0.25 111 mol of barium di-t-butoxide 
was then added to the bottle and the mixture was poly 
merized at a temperature of 50° C. for 7 hours. 
The yield, molecular weight, molecular weight distri 

bution and micro structure of the resultant polymer are 
shown in Table 1 below. 
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TABLE 1 
Molecular 

weight 
determined 

by . lviicrostructure'2 5 

arc-1 1,2- trans-1,4 cis-1,4 trans/ 
Yield MW Ew/ structure structure structure cis 
(%) (x 104) Mn (%) (%) (%) ratio 
100 22.6 1.29 53 36 11 3.3 

"GPC = Gel Permeation Chromatography - 10 
',"' was ' ' ’ "vtoaD. ‘ ‘ ‘byusingan 

infrared absorption spectrum. 

As is clear from the results shown in Table l, the 
butadiene polymer having a high trans-1,4 structure 
content and a relatively narrow molecular weight distri 
bution could be obtained by using a catalyst complex of 
the organosodium compound and the barium com 
pound. 

EXAMPLE 2 20 

Example 1 was repeated, except that isoprene was 
used as a monomer in lieu of butadiene. The results ar 
shown in Table 2 below. ' 

TABLE 2 ‘ - 25 

Molecular weight ' 
by GPC Microstructure'1 _ 

Yield ?w _ _ 3,4-structure 1,4-structure 
(%) (X 104) Nhv/Mn (%) (%) 
100 22.5 1.32 48 52 I 30 

"Microstructure was determined by using an infrared absorption spectrum. 

EXAMPLES 3 TO 7 AND COMPARATIVE 
EXAMPLES 1 TO 6 35 

Twenty ?ve grams of styrene, 75 g of 1,3-butadiene 
, and 400 g of a cyclohexane solvent were added to an 

- approximately one liter pressure-resistant glass bottle 
?lled with dry nitrogen. A catalyst complex each listed 
in Table 3 below was then added to the bottle and the 40 
mixture was polymerized at a temperature of 50° C. for 
7 hours. A portion of the polymer solution was with 
drawn from the bottle at the conversion of less than 

10 ; 
20% during the course of the polymerization and the 
bound styrene of the initial polymer was determined. 
As comparative examples, the above-mentioned poly 

merization experiments were repeated, except that con 
ventional catalysts listed in Table 3 below were used in 
lieu of the catalyst complexes. 
As is clear from Table 3 below, the polymers of Ex 

V amples 3 to 7 obtained by using the catalyst complexes 
consisting essentially of the organosodium compounds 
and the organic compounds of the II A metals have a 
high trans/cis ratio in the l,4-structure of the butadiene 
moiety, as compared with those of Comparative Exam 
ples l to 4. The polymers having a high trans/cis ratio, 
for example, a trans/cis ratio of 1.8 or more can also be 
obtained by using conventional catalysts as shown in 
Comparative Examples 5 and 6. These catalysts, how 
ever, result in a low polymerization conversion and a 
poor styrene-butadiene copolymerization reactivity 
ratio as shown in the initial bound styrene contents in 
Table 3. Furthermore, these polymers have a disadvan 
tage in that the molecular weight distribution thereof is 
broad. 
As is clear from a comparison of the Examples with 

the Comparative Examples in Table 3 below, the poly 
merization processes of conjugated dienes using the 
novel catalyst complexes according to the present in 
vention have the following advantages: 

(a) The polymerization activity of the catalysts is 
high; 

(b) Copolymers having an excellent random distribu 
tion of conjugated dienes (e. g. butadiene) and aromatic 
vinyl hydrocarbons (e.g. styrene) can be obtained; 

(0) Copolymers having a high trans/cis ratio in the 
1,4-structure of the butadiene moiety can be obtained; 
and 

(d) Copolymers having a relatively narrow molecular 
weight distribution can be obtained. 

It is also clear from the results shown in Table 3 
below that the 1,2-structure content and the ratio of the 
trans-1,4 structure/cis-l,4 structure of the copolymers 
can be controlled by changing the combination and 
composition of the catalyst complexes. 

TABLE 3 
MW 

Catalyst Block Molecular 1,2- cis-1,4 
Catalyst Catalyst bound Bound sty- weight by GPC struc- Trans-1,4 struc- Trans/ 
compo- component‘4 styrene’l Yield styrene rene'2 Mw __ _ ture structure ture cis 
nent‘ (l) (2) (%) (%) (%) (%) (X 104) Mw/Mn (%) (%) (%) ratio 

Ex 
2216.. 

3 nC5H1 1N8 Ba-fOC(CH3)3]1 26 96 25 0 24.9 1.31 44 45 11 4.1 
0.5 0.5 

4 nCsHuNa Ba-[OC(CH3)3]2 26 100 25 0 22.8 1.33 53 37 10 3 7 
0.5 0.25 

5 nCsHnNa Ba-[OC(CH3)3]2 27 100 25 0 19.6 1 34 58 33 9 3 7 
0.5 0.125 

6 nCsl-IuNa Sr-[OC(CH3)3]2 29 100 - 25 0 18.2 1.40 59 30 11 2.7 
0.5 0.25 

7 nCsHnNa Ca-{OCH(CH3)1]2 29 98 25 0 11.8 1.76 64 25 11 2.3 
0.5 0.25 

Com- ' 

para 
tive 
Ex. 

ample 
l nC5H| |Na None ' 32 41 30 0 3.2 1.94 68 20 12 1.7 

0.5 
2 uC5H1|Na LiOC(CH3)3 30 100 25 0 24.3 1.22 60 25 15 1.7 

0.5 ‘ 0.5 
3 nC4H9Li None 3 B4 8 17.0 17.5 1.03 10 52 38 1.4 
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TABLE 3-continued 

Microstructure in butadiene moiety 
Catalyst Initial Block Molecular 1,2- Cis-l,4 

Catalyst Catalyst bound Bound sty- weight by GPC struc- Trans-1,4 struc- Trans/ 
compo- component“ styrene"l _ Yield styrene rene"2 Mw _ _ ture structure ture eis 

m1“ (1) (2) (%) (%) (%) (%) (x 104) Mw/Mn (%) (%) (%) ‘ratio 
0.5 

4 nC4H9Li Tetrahydrofuran 15 100 25 0 22. l 1.03 34 40 26 1.5 
0.5 5.0 ’ - 

5 nC4H9Li Ba-[OC(CH3)3]; 15 89 22 0 11.6 2.21 12 63 25 ' 2.5 
0.5 0.25 . 

6 (C4H9)2Mg Ba—fOC(CH3)3]2 13 62 21 0, 6.7 ‘1.91 9 79 22 3.6 
0.25 

"Determined by ultraviolet absorption spectrum 
“Determined according to Kolthoil' method (I. M. Kolthoff, J. Polymer Sci., 1,429-433 (1946)) 
“Determined by infrared absorption spectrum according to a Hampton method 
‘4M mol per 100 g of the total monomers 

EXAMPLES 8 TO 22 

The copolymerization runs were repeated in the same 20 
manner as described in Examples 3 to 7, except that the 
components of the catalyst complexes of the present 
invention were changed. The amounts of the catalyst 
components used in these runs, based on 100 g of the 
total monomers, were as follows. 25 
Component (a): 0.5 m mol 
Component (b): 0.25 m mol 
Component (0): 0.25 m mol 

similar to those obtained by using the organosodium 
compounds, - 

Examples 11 to 13 used the barium salts of various 
organic compounds as the catalyst component (b). As is 
clear from the results shown in Table 4, these various 
barium salts are effective as the catalyst component (b) 
of the catalyst complexes of the present invention. 
Examples 14 to 22 use the organometallic compounds 

of various electron de?cient metals as the component 
(c). As is clear from the results in Table 4, the ratio of 
trans-l,4/cis-l,4 structures can be further increased. 

TABLE 4 

Mierostructure 
in butadiene 
“BEL. 

Catalyst complex Initial Molecular 1,2 
Catalyst Catalyst bound Bound Block weight by GPC strue- Trans/ 

component Catalyst component component styrene Yield styrene styrene ‘ MW h?v/ ture cis 
Example (a) (b) (c) (%) (%) (%) (%) (X 104) Mn (%) ratio 

a Ba—[0C(0l—13)3]2 None 26 ' a0 26 o 16.3 1.46 54 4.1 

N-Na 

9 Sodium " " 26 86 '26 0 41.6 1.44 48 4.5 
dispersion . 

‘l " " 26 99 25 0 35.7 1.32 51 3.9 

11 nC5H11Na " 26 100 25 ' O 22.9 1.31 52 3.8 

(C9H19©0i2l38 
l2 " " 26 98 25 O 25.3 1.40 51 3.9 

(C12H2s©$03)z'l3a ' 
13 " (C17H35COO-)zBa I " 26 97 25 0 25.6 1.41 51 3.9 
14 " Ba-f0C(C1-13)3]z 1.1110411, 26 100 25 o 12.7 1.29 32 4.3 
15 " " Be(C2H5)2 24 99 25 0 23.1 1.35 25 4.8 
16 " " Mg(nC4I-19)2 25 100 25 0 11.9 1.31 26 4.7 
17 " " Zn(C21-15)3 25 100 25 0 23.8 1.29 46 4.7 
18 " " Cd(C2H5)3 26 lOO 25 0 22.4 1.30 47 4.6 
19 " " B(C2H5)3 23 9s 24 0 26.7 1.29 40 5.1 
20 " " Al(CzH5)3 24 99 25 0 25.5 1.24 41 5.6 
21 " " Ga(C2H5)3 25 100 25 0 22.3 1.30 45 4.6 
22 " " 1n(C21-l5)3 25 100 25 0 22.6 1.31 45 4.6 

‘l A mixture of 0.25 111 mol of n-C5H"Na and 0.25 111 mol of(C1'l3)3C0Na 

The results are shown in Table 4 below. 
EXAMPLE 23 Examples 8 to 10 used sodium amide, metallic sodium 

and a mixture of the organosodium compound and the 65 
organic compound of sodium as the catalyst component 
(a). As is clear from the results shown in Table 4 below, 
these catalyst components (a) result in the advantages 

The copolymerization run of Example 1 was re 
peated, except that 25 g of styrene and 75 g of isoprene 
were used as monomers. The results are shown in Table 
5 below. 
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TABLE 5 the 1,4-structure of the butadiene moiety, prepared 
from conventional processes. 

TABLE 7 
Examnle 25 Comparative Example 7 

A B C ' D E F G H I J K 

Butadiene (kg) 1 0.32 0.75 0.75 0.75 1 0.75 1 0.75 1 0.75 
Styrene (kg) 0 0.18 0.25 0.25 0.25 0 0.25 0 0.25 0 0.25 
Catalyst and additive nC5H11Na nC4l-19Li nC4H9Li (C4H9)zMg 
(111 mol) <—4 m mol—> '1 '2 4 111 mol 3 111 mol 3 111 mol 

2 111 mol 1.5 111 mol 1.5 m mol 

Conversion (%) 100 99 98 96 92 100 100 92 77 79 59 
Mooney viscosity (ML1+4, 47 52 S1 46 48 55 46 42 43 47 41 
100' C.) 
Molecular weight distribution 1.32 1.36 1.38 1.41 1.46 1.08 1.10 2.36 2.41 1.88 ' 1.97 

(MW/Mn) 
Bound styrene (%) 0 18 25 25 25 0 25 0 22 0 20 
Block styrene (%) 0 o 0 0 0 0 0 0 0 0 0 
1,2-structure (%) 39 41 42 35 29 38 40 , 12 13 9 9 
Trans/cis ratio 3.1 3.4 3.5 3.7 3.9 1.5 1.5 2.5 2.4 3.6 3.5 
Melting point (“C.)‘3 None None None None None None None None None 23 None 

"nC5HnNa 3 m mol + Ba—{—OC(CH3)3]2 2 111 mol + Mg(nC4H9)1 0.5 111 mol 
‘znCgHuNa 2 m mol + Ba-{-0C(CH3)3]; 2 111 mol + Mg(nC4H9)z l 111 mol 
“Determined by a differential thermal analyzer ' 

Molecular _ Microstructure 

Styrene weight 3,4- 1,4 
' Yield content MW structure structure 

(%) (%) (>< 104) Mw/Mn (%) (%) 
99 25 19.8 1.41 46 I 54 

EXAMPLE 24 

The copolymerization run of Example 1 was re 
peated, except that a mixed solvent of 400 g of cyclo 
hexane and 1.0 m mol of tetramethyl ethylenediamine 
was used. The results are shown in Table 6 below. 

25 

30 

35 

Polymers A to E of Example 25 and polymers F to K 
of comparative Example 7 as well as a commercially 
available solution polymerization type butadiene poly 
mer (i.e. Diene NF 50R available from Asahi Kasei 
Kogyo Kabushiki Kaisha in Japan), a solution polymeri 
zation type styrene-butadiene copolymer (i.e. Tufdene 
2000R available from Asahi Kasei Kogyo Kabushiki 
Kaisha in Japan) and an emulsion polymerization type 
styrene-butadiene copolymer (i.e. SBR-1502 available 
from Nihon Gosei Gomu Kabushiki Kaisha) were inde 
pendently mixed in the compositions listed in Table 8 
below by using a B-type Banbury mixer to produce 
compounds. 

TABLE 6 TABLE 8 
Molecular Microstructure in butadiene moiety Com oundin Formulation 

weight by _G_PC 1,2 Trans-1,4 cis-1,4 Trans 40 Component Parts by Weight 
Yield Mw Mw/ structure structure structure cis — , Polymer 100 

(%) (X 104) Mn (%) (%) (%) “no Aromatic process oil‘1 20 
100 21.1 1.21 so 15 5 3.0 HAF carbon 60 

Zinc oxide 4 
Stearic acid 3 

- 45 Antioxidant B’2 1.3 
EXAMPLE 25 AND COMPARATIVE EXAMPLE Sulfur 2 

7 Vulcanizing accelerator CZ"3 1.5 

The monomers and the catalyst complexes having the 
compositions listed in Table 7 below were charged, 
together with 4 kg of a cyclohexane solvent, into an 
approximately 10 liter autoclave ?lled with dry nitro 
gen and polymerized at a temperature of 65° C. for 3 
hours. After completing the polymerization, a small 
amount of methanol was added to the polymerization 
mixture to deactivate the living polymer. Thereafter, 
0.3 parts by weight of BHT (i.e. 3,5-di-tert-butyl-3 
hydroxytoluene) based on 100 parts by weight of the 
copolymer was added as a stabilizer and the cyclohex 
ane was vaporized and removed from the polymer solu 
tion. Thus, polymers A to E of Example 25 and poly 
mers F to K of Comparative Example 7 were obtained. 
The Mooney viscosity, molecular weight distribution, 
styrene content, microstructure in the butadiene moiety 
and melting point of the resultant polymers are also 
shown in Table 7 below. Polymers F and G of Compar 
ative Example 7 had a high 1,2-structure content and a 
low trans/cis ratio in the 1,4-structure. Polymers H 
through K were those having a high trans/cis ratio in 

50 

55 

60 

65 

"Specific density = 0.951, VGC = 0.961 
“Reaction product of diplienylamine and acetone 
'3N—-cyelohexyl benzothiazole sulfenamide 

The processability of the compounds thus obtained 
and the properties of the vulcanizates thereof were 
evaluated. vulcanization was carried out by heating the 
compounds at a temperature of 141° C. for 40 minutes. 
The results are shown in Table 9 below. 
The roll operation ability of the compounds of poly 

mers A to E of Example 25 was clearly superior to that 
of the compounds of polymers F to K of Comparative 
Example 7, and was substantially comparable to that of 
the commercially available products. 
The compound of polymer J of Comparative Exam 

ple 7 having a high trans/cis ratio in the 1,4-structure of 
the butadiene moiety exhibited an extremely high green 
strength. However, unvulcanized polymer .1 showed a 
crystallization property in the DSC analysis and the 
tackiness of the compound was extremely low due to 
the crystallization property of polymer J. Contrary to 
this, polymers A to E of Example 25 according to the 
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present invention have no crystallization property in 
the DSC analysis, in spite of their high trans/cis ratios 
in the 1,4-structure of the butadiene moiety. Further 
more, the balance of the processability represented by 
the roll operation ability, green strength, elongation and 
tackiness of polymers A to E of Example 25 was supe 
rior to that of polymers F to K of Comparative Exam 
ple 7 and was comparable to that of commercially avail 
able emulsion polymerization type SBR (i.e. SBR 1502). 
The physical properties of the vulcanizates of, for 

example, the styrene-butadiene copolymers of Example 
25 according to the present invention (i.e. polymers B to 
E) are advantageous in respect to the following points, 
as compared with the styrene-butadiene copolymers of 
Comparative Example 7 (i.e. polymers G, I,' K), the 
commercially available solution polymerization type 
styrene-butadiene rubber (i.e. Tufdene 2000R) and the 
commercially available emulsion polymerization type 
styrene-butadiene rubber (i.e. SBR-1502). 

(a) The tensile strengths of copolymers B to E ac 
cording to the present invention are comparable to the 
commercially available emulsion type SBR and are 
superior to the commercially available solution type 
SBR and copolymers G, I and K of Comparative Exam 
ple 7. ' 

(b) Generally speaking, an anti-wet skid property is 
contrary to an abrasion resistance property. That is, a 
polymer having a good anti-wet skid property generally 
has a poor abrasion resistance. However, copolymers B 

20 

25 

16 
wet skid property comparable to or greater than that of 
the commercially available emulsion polymerization 
type SBR (i.e. SBR 1502) and superior to that of the 
commercially available solution polymerization type 
SBR (i.e. Tufdene 2000R). On the other hand, copoly 
mers B to E according to the present invention have an 
abrasion resistance property superior to that of SBR 
1502 and near that of Tufdene 2000K. Contrary to this, 
copolymers G, I and K do not have a good balance of 
both properties, although the copolymers having either 
a good abrasion resistance property or a good anti-wet 
skid property are present. 

(0) Copolymers B to E according to the present in 
vention have a low heat build-up property superior to 
those of all the comparative copolymers, that is, com 
parative copolymers G, I and J, Tufdene 2000R and 
SBR 1502. 

Furthermore, as is clear from the comparison of buta 
diene polymers, the polymer according to the present 
invention (i.e. polymer A) also has the above-mentioned 
good properties as compared with the comparative 
butadiene polymers (i.e. polymers F, H and J and the 
commercially available Diene NFSOR). 
As is clear from the above discussion, the polymers 

(or copolymers) obtained from the polymerization pro 
cesses using the catalyst complexes have a good balance 
of properties with respect to the processability of the 
polymers and the strength, heat build-up property, anti 
wet skid property and abrasion resistance property of 

to E according to the present invention have an anti- 30 the vulcanizates thereof. 

TABLE 9 

Example 25 

A B C D E 

Compound mooney viscosity“ 65 68 67 - 64 '65 

(ML1+4 100° C.) 
Rolling ability Good Good Good Good Good 

w 
Green strength (kg/crnz) 2.7 2.5 2.5 2.9 3.1 
Elongation”2 (%) 450 450 500 500 550 
Tackiness‘=3 (kg/cmz) 0.33 0.36 0.45 0.41 0.41 

Mm 
Hardness$4 (JIS) 63 63 64 63 63 
300% modulus“ (kg/cmz) 74 37 94 91 91 
Tensile strength“ (kg/cm2) 206 228 243 244 252 
Elongation“ (%) 660 670 690 660 680 
Anti-wet skid”5 (index) 88 100 106 102 100 
Impact resilience“ (%) 54 45 39 41 43 
Abrasion resistance‘:16 (index) 163 112 101 109 116 
Heat build-up“ AT(°C.) 32 32 33 31 31 

Comparative Examnle 7 Diene Tufdene SBR 

F G n 1 J K NFSOR‘B 200011“8 1502 

Compound mooney viscosity"1 71 65 56 56 60 55 64 ' 61 64 

(Mill-+4 100" a) 
Rolling ability Poor Poor Fair Fair Poor Fair Good Good Good 

QEwL'S?i 
Green strength (kg/cmz) 2.6 2.3 1.8 1.5 20.3 2.8 2.5 2.2 1.7 
Elongation"2 (%) 150 170 400 500 250 550 250 320 450 
'rttennesss3 (kg/cm2) 0.13 0.16 0.33 0.37 0.05 0.31 0.18 0.26 0.37 
Vulcanizate properties 
Hardness“ (11s) 63 e3 62 62 60 60 62 64 64 
300% modulus“ (kg/c1112) 78 94 71 84 60 65 74 82 95 
Tensile strength“ (kg/c1112) 170 190 174 193 162 184 165 226 239 
Elongation“ (%) 560 560 620 610 620 640 580 670 650 
Anti-wet skid"5 (index) 87 103 75 91 74 88 76 94 100 
Impact resilience“ (%) s4 39 53 4e 53 47 54 4s 44 
Abrasion resistance$6 (index) 132 74 165 117 166 117 185 120 100 
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TABLE 9-continued 
Heat build-up” AT(°C.) 33 as 41 4o 44 4s 40 as 39 

"HS-K6300 
“as #1 dumbbell, me rate 500 nm/min 
“Monsanto tuckmeter 
“nsatasm 
"Gravitational friction coei?eient between the vulcanizate and wetted concrete road surface was determined using a slide rheostat developed by British Road Institute. 
'6Pico abrasion mm, AS‘I'M u-zzzs 
“Goodrich ?exometer, ASTM D-623-58(A) 
"Available from Aaahi m Kogyo Kabushiki Kaisha 

EXAMPLES 26 TO 57 

The copolymerization runs were repeated in the same 
manner as described in Examples 3 to 7, except that the 
components of the catalyst complexes were changed. 
The structures and amounts of the catalyst components 
used and the results are shown in Table 10 below. 
Examples 26 to 36 use the mixtures of an or 

ganosodium compound, metallic sodium or a sodium 
amide compound and organic compounds of sodium as 
the component (a) of the present catalyst complex. As is 
clear from the results of Examples 26 to 36, various 
sodium salts of organic compounds are effective as the 
organic compound of sodium of the catalyst component 

' (a). . 

Examples 37 to 48 use the organic compounds or the 
organometallic compounds of barium as the catalyst 
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component (b). Barium is selected as a typical example 
of the metals of the component (a) (i.e. barium, stron 
tium and calcium). It is clear from the results of Exam 
ples 37 to 48 that these compounds are effective as the 
component (b) of the present catalyst complexes. 
Examples 49 to 57 use the organometallic compounds 

of magnesium or aluminum, which is selected as a typi 
cal example of the electron de?cient metals of the com 
ponent (a). It is also clear from the results of Examples 
49 to 57 that various organometallic compounds having 
the general formula 

wherein R9, Mel, p and q are the same as de?ned above 
are effective as the component (c) of the present cata 
lyst complexes. 
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We claim: 
1. A process for producing a conjugated diene poly 

mer, a copolymer of a conjugated diene with at least 
one other conjugated diene, or a copolymer of a conju 
gated diene with an aromatic vinyl hydrocarbon com 
prising the step of polymerizing said monomer or mono 
mers in the presence ‘of an effective catalytic amount of 
a catalyst complex consisting essentially of the follow 
ing components (a) and (b) or (a), (b) and (c): ‘ 

(a)(1) an organosodium compound, havingethe gen 
eral formula ' ‘ 

wherein R' is an aliphatic group, desirably having 1 
to 30 carbon atoms, an alicyclic group, desirably 
having 5 to 30 carbon atoms, or an aromatic group, 
desirably having 6 to 30 carbon atoms or an unsatu 
rated hydrocarbon group having at least one allyl 
hydrogen and desirably having 3 to 30 carbon 
atoms, and m is an integer of 1 through 4, (2) metal 
lic sodium or (3) a sodium amide compound having 
the general formula 

wherein 

represents either a cyclized structure or a non 
cyclized structure and R2 and R3 represent, in com 
bination, a methylene chain having 2 to 10 carbon 
atoms in the case of a cyclized structure and R2 and 
R3 independently represent an aliphatic group, 
desirably having 1 to 30 carbon atoms, an alicyclic 
group, desirably having 5 to 30 carbon atoms, or an 
aromatic group, desirably having 6 to 30 carbon 
atoms in the case of a non-cyclized structure of (4) 
a mixture of at least one of the above components 
(1), (2), and (3) with an organic compound of so 
dium other than said sodium amide compound; 

(b) an organic or organometallic compound of bar 
ium, strontium, or calcium; and 

(c) an organometallic compound of an electron de? 
' cient metal selected from lithium, beryllium, mag 
nesium, zinc, cadmium, boron, aluminum, gallium 
or indium, the amount of component (a) being 0.01 
to 50 m mol per 100 g of the total monomers, the 
amount of component (b) being from 0.01 to 10 
times the molar amount of component (a) and the 
amount of component (c) being from 0 to 5 times 
the molar amount of component (a). 

2. A process as claimed in claim 1, wherein said cata 
lyst component (b) is an organic compound of barium. 

3. A process as claimed in claim 1, wherein said cata 
lyst component (c) is an organolithium compound, an 
organomagnesium compound, or an organoaluminum 
compound. ‘ 

4. A process as claimed in claim 1, wherein said con 
jugated diene is butadiene or isoprene and said aromatic 
vinyl hydrocarbon is styrene. 
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26 
5. A process as claimed in claim 1, wherein polymeri 

zation is carried out in 300 to 1000 parts by weight per 
100 parts by weight of the total monomer of a hydrocar 
bon solvent at a temperature of 30° to 120° C. in the 
presence of a catalyst complex comprising 0.1 to l m 
mol of the component (a) based on 100 g of the total 
monomers, an amount of component (b) of 0.1 to 1 times 
the molar amount of component (a) and an amount of 
component (c) of 0 to 2 times the molar amount of 
component (a). ‘ " 

6. A catalyst complex suitable for use in the produc 
tion of a conjugated diene polymer, a copolymer of a 
conjugated diene with at least one other conjugated 
diene, or a copolymer of a conjugated diene with an 
aromatic vinyl hydrocarbon consisting essentially of the 
following components (a) and (b) or (a), (b) and (c): 

(a)(l) an organosodium compound, having the gen» 
eral formula 

wherein R’ is an aliphatic group, desirably having 1 
to 30 carbon atoms, an alicyclic group, desirably 
having 5 to 30 carbon atoms, or an aromatic group, 
desirably having 6 to 30 carbon atoms or an unsatu 
rated hydrocarbon group having at least one allyl 
hydrogen and desirably having 3 to 30 carbon 
atoms, and m is an integer of 1 through 4, (2) metal 
lic sodium or (3) a sodium amide compound having 
the general formula 

wherein 

represents either a cyclized structure or a non 
cyclized structure and R2 and R3 represent, in com 
bination, a methylene chain having 2 to 10 carbon 
atoms in the case of a cyclized structure and R2 and 
R3 independently represent an aliphatic group, 
desirably having 1 to 30 carbon atoms, an alicyclic 
group, desirably having 5 to 30 carbon atoms, or an 
aromatic group, desirably having 6 to 30 carbon 
atoms in the case of a non-cyclized structure or (4) 
a mixture of at least one of the above components 
(1), (2), and (3) with an organic compound of so 
dium other than said sodium amide compound; 

(b) an organic or organometallic compound of bar 
ium, strontium, or calcium; and 

(c) an organometallic compound of an electron de? 
cient metal selected from lithium, beryllium, mag 
nesium zinc, cadmium, boron, aluminum, gallium 
or indium, the amount of component (a) being 0.01 
to 50 m mol per 100 g of the total monomers, the 
amount of component (b) being from 0.01 to 10 
times the molar amount of component (a) and the 
amount of component (0) being from 0 to 5 times 
the molar amount of component (a). 
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7. A catalyst complex as claimed in claim 6, wherein 
said catalyst component (b) is an organic compound of 
barium. 

8. A catalyst complex as claimed in claim 6, wherein 
said catalyst component (c) is an organolithium com 
pound, an organomagesiurn compound, or an organo 
aluminum compound. 

9. A catalyst complex as claimed in claim 9, wherein 
said conjugated diene is butadiene or isoprene and said 
aromatic vinyl hydrocarbon is styrene. 

10. A catalyst complex as claimed in wherein the 
catalyst complex comprises 0.] to 1 m mol of the com 
ponent (a) based on 100 g of the total monomers, an 
amount of component (b) of 0.1 to 1 times the molar 
amount of component (a) and an amount of component 
(0) of 0 to 2 times the molar amount of component (a). 
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11. A catalyst complex as claimed in claim 9, wherein 

the catalyst complex comprises 0.1 to l 111 mol of the 
component (a) based on 100 g of the total monomers, an 
amount'of component (b) of 0.1 to 1 times the molar 
amount of component (a) and an amount of component 
(c) of 0 to 2 times the molar amount of component (a). 

12. The process of claim 4, wherein polymerization is 
carried out in 300 to 1000 parts by weight per 100 parts 
by weight of the total. monomer of a hydrocarbon sol 
vent at a temperature of 30° to 120° C. in-the presence 
of a catalyst complex comprising 0.1 to. 1 111 mol of the 
component (a) based on 100 g of the total monomers, an 
amount of component (b) of 0.1 to 1 times the molar 
amount of component (a) and an amount of component 
(0) of 0 to 2 times the molar amount of component (a). 

18 8 t a . it 


